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In WO 00/42246 a penetration-resistant material is disclosed comprising at least a 
double layer, of fabric composed of two layers' of woven fabric which are cross-plied 
at an angle wherein the fabric is composed of a first set of threads comprising 3.5 to 
20 threads/cm and having a linear density of at least 420 dtex, and a second set of 
threads comprising 0.5 to 8 threads/cm and having a linear density of at least 50 
dtex, wilji the second set of threads being transverse to the first set of threads and . 
wherein the ration of the linear 'density of the first set of threads to the linear dfensity *' • 
of the second set of threads is > 4.2, more preferably > 7.5. In a preferred embodi- 
ment the first set of threads is warp threads made of p-aramid yarn and the second 
set of threads ist weft threads made of polyester yarn, and the ratio of the number of 
threads/cm of the first set to that of the second set is > 1 . Although the ballistic per- 
formance of this material is excellent, the necessity of cross-plying the layers is a 
disadvantage in terms of ease and simplicity of the manufacture and the danger of 
creating weak points that inherently to the process of cross-plying can occur. 

So, the problem underlying the present invention is to provide a penetration-resistant 
material which does not exhibit the disadvantages of the prior art. 

Some penetration-resistant materials exhibit a high uptake of water resulting in a de- 
crease of ballistic performance. Therefore, another problem underlying the present 
invention is to reduce this drawback. 

These problems are solved by a penetration-resistant material comprising at least a 
double layer of wowen fabric wherein the double layer comprises a first layer of fabric 
composed of a first set of threads comprising 3.5 to 20 threads/cm, having a linear 
density of at least 210 dtex, and comprising at least 65 % of the fabric weight, and a 
second set of threads comprising 0.5 to 16 threads/cm and having a linear density of 
at least 50 dtex, with the second set of threads being transverse to the first set of 
threads, and the ratio of the number of threads/cm of the first set to that of the se- 
cond set is > 1 , and a second layer of fabric composed of a first set of threads com- 
prising 0.5 to 16 threads/cm and having a linear density of at least 50 dtex, and a se- 
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cond set of threads comprising 3.5 to 20 threads/cm, having a linear density of at 
least 210 dtex, and comprising at least 65 % of the fabric weight, with the second set 
of threads being transverse to the first set of threads, and the ratio of the number of 
threads/cm of the second set to that of the first set is > 1 , and wherein the first and 
second sets of threads of the first layer have a parallel orientation towards the first 
and second sets, respectively, of threads of the second layer, which penetration- 
resistant material is characterized in that ih'the first layer of fabric at least the first set 
of threads and in the second layer of fabric at least the second set of threads,are 
treated with a water-repellant. 

Within the scope of the present invention the term „thread" means any sort of thread 
such as staple yarn, twisted staple yarn, twisted filament yarn, non-twisted inter- 
mingled yarn, and preferably, untwisted filament yarn. 

In a preferred embodiment of the penetration-resistant material according to the pre- 
sent invention in the first layer of fabric the first and the second set of threads and in 
the second layer of fabric the first and the second set of threads are treated with a 
water-repellant. 

Within the scope of the present invention in principle any substance which repells 
water and which can be applied to the threads with known methods can be used as 
the water-repellant. However, because of it's high water-repellant efficiency a water- 
repellant comprising fluor and carbon atoms, e.g. a fluoropolymer, and especially a 
mixture of flouroacrylate polymers, is preferred. Said mixture is for example con- 
tained in OLEOPHOBOL SM® from Ciba Spezialitatenchemie Pfersee GmbH, Lang- 
weid am Lech, DE. 

In a preferred embodiment of the penetration-resistant material according to the pre- 
sent invention the water-repellant treated threads comprise about 0.1 to about 2 
weight % flouroacrylate polymers with respect to the weight of the water-repellant 
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treated threads. Especially preferred is about 1 weight % flouroacrylate polymers with 
respect to the weight of the water-repellant treated threads. 

Preferably, in the penetration-resistant material according to the present invention at 
least the ratio of the iinear density of the first set of threads to the linear density of the 
'second set of threads of the first layer and of the linear density of the second set of 
threads to the linear density of the first set of threads of the second layer is > 1, more 

preferably > 4.2 and most preferably > 5.9. A particular effective ratio is 6 - 6.6. 

(' ■ 

In a preferred embodiment of the penetration-resistant material according to the pre- 
sent invention at least one of the second set of threads of the first layer and the first 
set of threads of the second layer comprises 0.5 to 8 threads/cm. 

In each layer the threads having a linear density of at least 210 dtex comprise at 
least 65 % of the fabric weight of that layer. Preferably, these threads comprise at 
least 70 % and more preferably 75 % of the fabric weight of that layer. 

The second set of threads is transverse to the first set of threads in each of the two 
layers. Usually these sets are about perpendicular to each another, but this is not 
necessary. The second set of threads may be provided under an angle other than 
90° to the first set of threads. The two layers are secured together without cross- 
plying. 

In a preferred embodiment of the penetration-resistant material according to the pre- 
sent invention the threads of the layers of the double layer are bonded together, for 
instance, by stich bonding, or preferably with an adhesive material. The adhesive 
material may be adhesive material provided onto the threads or onto the fabric, for 
instance as a finish. 

The adhesive material can also be an adhesive layer provided between the two fabric 
layers of the double layer. 
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Penetration-resistant material and articles made of the same 



Claims: 



1 . A penetration-resistant material comprising at least a double layer of wowen 
fabric wherein the double layer comprises a first layer of fabric composed of a 
first set of threads comprising 3.5 to 20 threads/cm, having a linear density of at 
least 210 dtex, and comprising at least 65 % of the fabric weight, and a second 
set of threads comprising 0.5 to 16 threads/cm and having a linear density of at 
least 50 dtex, with the second set of threads being transverse to the first set of 
threads, and the ratio of the number of threads/cm of the first set to that of the 
second set is > 1 , and a second layer of fabric composed of a first set of 
threads comprising 0.5 to 16 threads/cm and having a linear density of at least 
50 dtex, and a second set of threads comprising 3.5 to 20 threads/cm, having a 
linear density of at least 210 dtex, and comprising at least 65 % of the fabric 
weight, with the second set of threads being transverse to the first set of 
threads, and the ratio of the number of threads/cm of the second set to that of 
the first set is > 1 , and wherein the first and second sets of threads of the first 
layer have a parallel orientation towards the first and second sets, respectively, 
of threads of the second layer, characterized in that in the first layer of fabric at 
least the first set of threads and in the second layer of fabric at least the second 
set of threads are treated with a water-repellant. 
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The penetration-resistant material of claim 1 wherein in the first layer of fabric 
the first and the second set of threads and in the second layer of fabric the first 
and the second set of threads are treated with a water-repellarit. 

The penetration-resistant material of claim 1 or 2 wherein the water-repellant 
comprises fluor and carbon atoms. 

The penetration-resistant material of claim 3 wherein the water-repellant com- ' 
prises a mixture of fluoroacylate polymers. 

The penetration-resistant material of any one of claims 1 to 4 wherein the water- 
repellant treated threads comprise about 0.1 to about 2 weight % flouroacrylate 
polymers with respect to the weight of the water-repellant treated threads. 

The penetration-resistant material of any one of claims 1 to 5 wherein at least 
the ratio of the linear density of the first set of threads to the linear density of the 
second set of threads of the first layer and of the linear density of the second 
set of threads to the linear density of the first set of threads of the second layer 
is > 1. 

The penetration-resistant material of claim 6 wherein at least the ratio of the 
linear density of the first set of threads to the linear density of the second set of 
threads of the first layer and of the linear density of the second set of threads to 
the linear density of the first set of threads of the second layer is > 4.2 . 

The penetration-resistant material of claim 6 or 7 wherein at least the ratio of 
the linear density of the first set of threads to the linear density of the second set 
of threads of the first layer and of the linear density of the second set of threads 
to the linear density of the first set of threads of the second layer is > 5.9 . 



